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CHIZHKOV, B., tokar'; VERGEYCHIK, A., tokar': SMIRFOV, M.; KRASOVSKIY, K.:
SHITYED, P.; CHAYKA, D.; MAZURENKD, P. T

Sams conditions bring different results. Okhr. truda i sots. strakh,
no.1:30-33 J1 58, (MIRA 11:12)

l¢Instrumental 'nyy tsekh Minskege pedshipmikevoge zaveda (feor
Chizhkev, Vergeychik). 2,Starshly inzhenner pe tekhnike bezopasnesti
Minskege podshipnikovoge zaveda (for Smirnev), 3.Sekretar®.re-
daktaii zavodskey mnogoﬁirazhki "Za , tekhnicheskiy progress” Minskego
rodshipnokovege zaveda (fer Krasovsﬁiy).- 4,Glavnyy tekhnicheskiy
inspektor Bolsovprofa (fer Shityke). 5,Spetsiallnyy korrespondent
zhuranla Vsesoyuznoge tsentral'noge doveta profsoyuzov "Okhrana truda
1 sotsial'noye strakhovmaiye” (for Mazurenks). : .

- (Minsk—Industrial hygiemne)
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AUTHORS: Garngh, B.S., Chief, Xras ovolLLL H. h., Senicr Engineer

TITLE: The Introduction and Orsration o7 UPTI Egquirnment in the Intra-
Rayon Telerhone Networkh (Vnedreniye i ekspliuatarcaiys ustroystv
UPTS na seti voutrirayonnoy telefonncy svyazi)

PERIODICAL: Vaestnik gvyszi, 195¢, Nr 12, p 15 (USSR)

ABSTRACT: The authors review the exveriences of the corpunicntion wor-

kers of the Moldavian SSR irn intrcducing and cperating UPTS
equipment, which began in 19%€, Many difficulties had to be
overcome which were caured by differences in the various
existing telephone networks end the murual and sutomatic teie-
phone offices to which the semisutomntic telephone office
equipment (UPTS) had to bte cennected, There is 1 circuit diagram

ASSOCIATION: Direktsiya radlotranaslyatsionnoy sedll | vmutrirayennoy tele-
fonnoy svynzi Moldnvskoy SSR Centra.l Office of Radio Relay and
Rayon Telephone Network of the Moldavian SSR).
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KriooVonIY, N, V.,
Crdinary Differential Ejustions

I.?issertation: "Stability of kotion for dny Initi:l Ulsturinnces.” Cand thys-hkath
:)ci, Ural Polytechnic lnst, sverdlovsk, 1953. (Heferativnyy caurnal —- ¥atnatika
loscow, Mar 54).

S0 OUH 213, 20 oep 1954
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USSR/Mathematics - Stability

Card 1/1

Author ¢ Krasovskiy, N. M. .
Title ¢ Stabllity of motion in the large for constantly acting disturlances

Periodical : Prikl, mat. 1 mekh., 18, 95-102, Jan/Feb 195

Abstract : Examines five separate systems of differential equations. Discusses

for each the consequences of asymptotic stability of the solutions as
well as stability in the large for constantly acting disturbances.
Proves four important theorems relating stabllity and uniqueness to
initial conditions imposed uron the systems.

Institution : Ural Polytechnic Institute, Sverdlovsk

Submitted : April 8, 1953
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GRIB, V.K.; KRASOVSKIY, N,, red.; BABENKOVA, A., speta. red.

[Some problems of the mechanization of loading and un-
loading operations on fish farms] Nekotorye voprosy me-
khanizatsii pogruzochno-razgruzochnykh rabot v prudovykh
khoziaistvakh, Minsk, Belorusskoe pravlenie NTO pishchevoi

promyshl. 1962. 2. p. (MIRA 17:3)
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1. KRASOVSKIY, N.N,
2, USSR (600)

L, Motion

7. Theorems on stabilitv of motions, d
mate i mekh 16, no,‘ 5 l9e0 » detsermined by a asvatem of two equations, Prikl,

e M
9 onthly Lisc.of Russian Accessions, Library of Congress, February 1953, Unclassified
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- motion In the large, Doklady Akad.- SSR (NG9S
86, 453456 (1950), (Runiely - ok SSSR (NS

3 The authors consider diff ﬁum‘ £ X (i)
wlnm:ionve'ctorin H”n::“aml man!!)fh: (‘.f

; t?n;lu toOashl:o-{-eo. istence of a dj ot
v(), everywhere positive, such that $ <9 on A )
would, according to Linpounoff's theory, gudmc:c:lc:%!u“‘
stibility of the solution xm0, It is showh by ‘an’ exampla?
that this need.not imply (%). If, in addition, P()r 0 -de
.l]xll.-m. then it is shown that (*) does follow. Conversely:
if (*) holds, then such a p does exist. [f the condition ¢ <4
s replagcd by the conditions: # <0 cutside of A #50 In M
and Af is a set auch that the intersection of &c'h Level sy \ '

il lace o=c and M contains no positive semi-trajectory af”

g (1), then () again follows. It is shown that thess fyS]

gothescs arc satisficd by the system of second ordee s !nﬁz

V= =¢(2)~£(5)/(x), peovided f(0) = #(0) =0, £f(x)> 0 (ep

£70, y4()>0 for y#0, £(y) >0, fy*f(s)ds-+0 s [2]--ei’
:‘u‘l‘ l{;-y:‘(y)"'dy-tn a8 y—r =, In the pwonls use is made of B

A previous paper byt Barbakia - [Mat. Shoraik’|

N.S. 20(71), 233-280 (_1951); Ul’;t Rev. B.[“G]‘. Sht)f'lli'k:
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UJS bem Of %lh‘(: Equatiom," Pri}':. I:at. i I:C'r:h., l?, NO.), !‘p JJ ;"‘3"(.) ] 7’)‘ ;“ il' ‘
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Ural Polytech. Inst., Sverdlovsk,

o o]gceiggni;azitiiétfelagfici?xzt ::onditions to be imposed on the functions f, (%) (i=1,7,3)
oy ngain ertur;otl'l 1(:n ¥=yaz20 of the following syster be asyr.ptoticau:} ctable i,‘gz")

x , D ations: d:(/dtafl(x)q-alyq»blz, dy/dt:i‘Q(x)+a2y+b,,z, dz/dt=f3(:<)¢.; ¥4b~2
Where a,,b, are constants and functions f (x) (£;(0)ad) are continuous, Cites rnlaied >

vorks oI ¥.F.Yerugin ("Certain Pr

- - Yo oblem of the T £ CHataTt4. i

Systems," ibid. Vol, 16, Nos5, 1952) and others.leory o FbIIY of dutoratie Heggégzign
“ ioc¢
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XRABOVEKIY, N.N. (Sverdlovak)

SR s ek v;‘»évﬁ‘;;;,}ﬁ;,%)

8tability of the selution of a system of

t
Prikl.mat.i mekh. 17 no,6:651-672 H-D '53 v direrent et aTuations.

. (MLRA 6:12)

1, Ural'ekiy politekhnicheskiy ingt itut,
(Differential equations)
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GANAGO, 0.A., kandidat tekhnicheskikh nauk; TARNOVSKIY I.Ya., professor,

doktor tekhnicheskikh nauk; thhener.

Designing optimum blank shapes for forging gear-type products.
Trudy Ural.politekh.inst. no.4$5:137-151 '53. (MBA 9:11)
(Forging)
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1. KRA3SOVSKIY, N.N,
2. USSR (600)
4. Stability

T+ Problem of the stability of motion in the large, Dokl. AN SSSR, 88,
No. 3, 1953.

9. Monthly List of Russian Accessions, Library of Congress, April’ 1953, Uncl.
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~KRAsovS Ky, NN -
- __,__,_g_____:Kré “ml..:.g‘ “0n ttAbﬂity ",l;zfgticns elasystemel . - . B
S T o Gt it care ey ZREE e -
o . e - SESR IN.K) 93, 965567 (19.3).,: [Russian) . ’ s

A stability criferion is estabished Tor a Lurdetline cace
for the aquatigns = .Vilvy, xy) Hn {, !,)_','vf ¢ is asaengd that
the X; vanieh at (0, 0) and have rartial derivatives satis- -
dyinyg o, Lipschitz conditivn in a neighbarhood of (3, 0),
Let p(A: 21, 52) edet (JOX,/x, - 1D), where [ in the unit
matria and lec pu';p.‘ 0) have two imaginuy reots or one
rero roat asd one nugrtivc mot. [t is thea proved that 4,

3 for ench (xy, xy) other flian (0, ), p(0; 2y, x5 bas roots with
- negative real par(s.“t!‘\cn (0, 0) is asymptoticaily stable,
whereas, if, at cach (zy, x5), p(A; xn x1) has roots with

positive real parts, then (0, 0) is unstable, ', Kasion,

— e

T 5 3
i.éﬁ%.&s" SRR
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TARNOVSKIY, I1.Ya,, prof.; POZDEYEV, A.A., ingh.; KRASOVSKIY, N.M., inzh,

R

Force deterwination in notalworking hy prassurs, Obr.-,et davl,
no,3:5-22 54, (MIRA 12:10)

1, Ural'skiy politskhnichnaldg inatitut im, S.M.Kirova,
(Forging)

v (Rolling (Metalwork)
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_ usovskil, ‘ ?Oﬁ‘g}éﬁ' %éléﬁg of motlon {n ths large for -
S constantly acting dis cés, ad. Nauk SSSR‘
e Prikl.-Mat. Mech. 18, 905-102 (1954). (Pussian)
‘*’ . Cona:dcr the f-vector equation

Sy co E=X(x), X(0)=0

where X (s contmuous ‘and the associated aystem  © i

@y iux(x)-f-R(x . Lo

[ C wherc genemlly R(0; £)940. The origin i said to be stable in' L
BT " “the farge for constantly acting disturbances (=sled.) if

- it {s'stable in the small for constantly acting disturbances i

; [see the book reviewed second above] and furthermore the ; - .
{ollomng_go!da Let fixf} =sup|x|. and similarly for other |-

T vectors, Then, given «, there exists yecch that it Rissuch -

that outside 2}l < [RE <unf(r); rm= (T f)VE, then every:: ﬁ

*; solution of (2) has the propetty that lim sup Fx(t){l-—oo as -
S e  f=stc. Here f(rj is a given function chamctenzmg the

[ wadmxssxblegmwtﬁo{R -

R : The object of the pcesent papcr is to give sufficient condi- i .

' ‘txon for sl.c.d. for certain systems considered in vacious; &
{papers [Erugin, these Rev. 14, 376; Krasovskit, ibid. I4,{

' ]376 Malkm. ibid, 14, 48; Ecfov, ibid. 14, 752]. The ag-{ s

sumption is made throughout that f{rjeer,and x, yare nowi’

hb,e gla&e garteslan coordinates. Cotwder the system - ( ¢ Ve,,e) s

Ar—

"“r’lﬂt“r‘"
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. éiﬂF(xt‘}‘)g ysf(;) "dx-by" Tave

wherc are conatarits with a0, Fand fare cénhnﬁous. w
LF(O.0) w f (0) =Q,and F, f satxsfy the condition for umque-f

iness of solutions at the origin.. Then “Theqteit. If df
: *solutlon of the cquatmn

lx.p - LF'- .'-0 | _‘

ve their: 5 =8 where & is - umbabiy o !
gosi‘t ve. o dAthls for alt x, af. then the ayste; (
, ms cd. e _ -

Consxder now thc sya(cm

<4>
,‘,‘ whem a b arc constants with @

: v'thh fq(O)-O and {fg(x)[ <Mz}, whe
. i farge constant., Then the

¢ same theorem helds telative to’ :
the 5@9 B (C oﬂxr)

= fuleyray, #wft(xH-by

w0, the f; are continuous. - -
te A is a suitably, -

¢‘..-o i— o -
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: “ L x"‘ft(x}-'k e

S R S | x"'fc(x) R

g Figalfy. the same theorem ho[ds rcgardmg the system S
'55(5)_ t-‘fx(x)+¢r- ti=6x+h(y), HdeM <Afls],

; a tegards the oots of
il '; :‘rr‘f‘(x) A e l e
' T‘fx(y}"f\ )

[ ddmona! refetences arbalin and Krasovakir, these Rew
4 646 Batbaﬁm, nbxd 14, 376; Krasovskil, ibid. 14, 1087, }

SA Lefsckels (Pnnceton, N.J).
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havior in the large of the

u Akad. NaukSSS 4 system of twyo differontia]
, g“sﬂm; R. Peill, Mat. Mot 15, 1407 %gogs.
' t
s . fiese Wi;«xﬁ‘féﬂ' &':: fo'. 1'). whcm X, v havg cont
‘ : alsoconsxdered) )'; 0"’ Acerfain Wea!m assumpt dqus
mateix of X, atm(ty b fcthcp)':;r’:z;xm
P int {x, y). fan
feteristic ¢ W’:rﬁ,; fg) siaf (X :(.f: g}'tﬁ‘(xf'({;'n::;:, (i;“f: ("f;ar.
xSy . authae mm'. e
Tuske ““fi.fﬁ‘m(th{r)z,le‘”mg'} t’ﬁﬂ?"—':f“c:? {ct}g-
i ] atteact ircle
:: ﬁz 3;;:‘2 f:lh!k;.' whae pfane i }f‘ “‘Zf;;;l of (6, 0 (i)
point, Re }“(‘; d‘)q;‘: (lll} i the nn“.uz i the (I(ll X : acigin |
Je "'(’Mrnna'the & Ml ) <t for 14 23.;:[::“",3- L
e 14 cm(! at feast one stabile fimie . ;;ui :
el Lt Jfruﬁm (Mougcwd«fj ¢
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USSR /Mathematics - Asymptotic stability FD-640

Card 1/1 : Pub. 85 - 7/12

Author : Barbshin, Ye. A., and Krasovskiy, N. l. \overiilovek)

L, = - wiaac sy

Title : Existence of the Lyapunov functions in the case of asymptotic
stability in the whole

Periodical * Prikl. mat. i mekh., 18, 345-350, May/Jun 1954

Abstract ¢ Treats the system of equations dx/dt = X (x,t). Demonstrates that
even in the case where the right part of this equation depends upon
the problem of the existence of the Lyapunov function is solved in
the positive sense for sufficiently general assumptions on the 8ys-
tem. His formulation is similar to that of I. G. Malkin ("Problem
of the converslan af 4. . Lyagunav’s theorem on asynplotic sta-
©ility," MM, 1B, No. 2, 195%). Five references, including
1. Massera, Liapounoff's condition of stability, Annals of Math-
ematics, No. 50, No. 3, 1949,

Institution : --

Submitted : March 16, 1954
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USSR/Mathematics - THeorem of Lyapunov FD-9k7
Card 1/1 Pub &5-1/11
Author ¢ Krasovskiy, N, N,
1 - " -w;,g;.ﬂ,-(;-_-,,.,_f.;t B = ‘.'»}.'
Title ¢ Reclprocity of theorems of A. M. Lyapunov and N. G, Chetayev on in-
stability for stationary systems of differential equations
Periodical ? Prikl. mat. 1 mekh, 18, 213-532, Sep/0ct 1954
Abstract ¢ I. L, Massera (On Liapunoff's condition of stability, Annals of lMethe-

matics, Vol 50, No 3 (1949)) and Ye. A, Barbashin, (Method of cross
sections in the theory of dynamic systems, Mat, gb, Vol 29, Wo 2 (1951))
proved that Lyapunov's theorem on asymptotic stability may be recip-
rocal, This problem ig further analyzed and 8olved by finding a func-
tion v(x),..,,x ) satisfying the conditions in the instability theorems
of Lyapunov (Obshchaya zadacha ob ustoychivosti dvizheniya (General
problem on stability of motion) 1950) and of Chetayev (Ustoychivast
dvizheniya (Stability of motion) 1946). Indebted to N. G, Chetayev,
Eight references including one aforementioned Us.

Institution -

Submitted : April 9, 1954
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cof nunhn = Y in Me h'ge o( the
- Mac -wﬁ%@m A€ d"‘i“m‘ rential equations, ﬁfg!&;u
Let ther-;“w 38737 (1954). (ligs: ssian) riil
;‘;}d that X s chS):ﬂ%ugiin‘Xﬁ(t’} vesuch that X () e
¢ @ wanle spuce. Lot
p;n-g-g‘iﬁf ixof Y. Theorcm I order dncc (}, dcnr,
7 ttable for ¢he e i€ origin

h -
chstespace it 18 sulficiant

SXit 2 symnietric matrie 4 such

th.
e, «3“f’§:\“z&z‘;£§“mm fzz;’i::
Meh. 15, 227’2’5 (wsl) \ﬂ?lezfet;gcs Fm*‘“ Pm; Mat,
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Kensovsxry, N.

USSR/ Physics - Metallurgy _4

Card 1/1  Pub. 147 ~ 20/27
~Authors ! Krasovskiy, N. N.; Nikitin, Yu, P.; Esin, O, A,; and Popel?, S, 1,

. S A NN TR
Title ¢ Calculation of surface tension by the form of a recumbent drop
Periodical : Zhur. fiz, khim, 28/9, 1678-1679, Sep 1954 )

Abstract * A table for the calculation of surface tension according to the form of a
recumbent drop and a suitable method for the graphical integration of an
equation for such a drop are briefly described, The method, which has
numerous advantages, is 21so applicable to drops of different size and form.
Examples of such caleculations are shown. Five references: 3-USSR; 1-Indian
and 1-English (1883-1953). Table; gravh.

Institution : The SMKirov Ural Polytechnicum, Faculty of the Theory of Metallurgical
Processes, Sverdlovsk

Submitted

e

Arril 20, 1954
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USSR/ Mathematd og
fard Vi ¢ pw, 22- 5/44
Authorg s Krasovsldy;'N. No
Tt1e smsduf SRR e L
t ficient conditid;rl'?s £ - |
] or the stability of solutions of & system of

non-linear differential equations
Periods
cal 1 Dok. AN SSSR 98/6, 901-904, October 21, 1954

Abstract t Sufficient ¢
onditions for the '
non-linear difrerential equatigtt;:?iﬁ:g :g folutions of o yatem of

e
.E - xi<XI, Q,oon}?‘h) (1 = 1’2’.")1")-

are soughts Tho results » .
Four rogarenon (1950_195§)f.th13 search is prosented in three theorems,

Inst t Y ' .
itution H Ural'ald Polyteohnical Instituto im, S. M Kirov
Preaented by! AAcademician I G. Petrovv s!d.y, June 10 19515
»
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Reasovak Oa inversion of K. P. Persidazivg Yop/m

f eorem on orm stabllity, Prikf, Mae, Mch. 19, Lz

;- 313-218 (1955), {Russian) o ;

‘ This note deals with the unilorm’ stability of the origin A .
- . for a system , A L

i"X(x”)' X(O;‘)"Do ﬁxﬂﬁf!o £>0,

. where 2, X are n-vectors and the modulus is sup flz . The
- uniform stability {s in the seuse of Persidskil (with fespect
} to the time). In substance the author proves; A necessacy
- and sufficient condition for the uniform stability of the
origin is the existence of a Lyapunoy function v(x; 8 which
- is definjte positive, is smalj tniformly i ¢ (t246>0), and
 has a time derivative » {aloag .the trajectories) which is
. negative, The necessity of the condition wag already proved . : )
- by Persidskiy [Dissertation, Moscow, 1946]. B Y
e S. Lefschats (Princeton, N, 1) o . .

i A
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APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00



-RDP86-00513
. ly 31,2000 CIA-R
"APPROVED FOR RELEASE: My’l,lmg;y e e
A R R R S s VR Lo o
K LoV L z{ N
SUBJECT USSR/MATREMATICS /Differentia) equations CARD 43 PG - 45
AUTHOR KRASOVSKIJ N.¥,
TITLE On the stability after the firat approximation,
FERIODICAL  Priklagq. Mat. Mech. 19, 516-530 (1955)
reviewed 5/1956
The author considers the system
dx
1 i
( ) 'a';—'- xi(x1,x2,co.xn,t) 1.1,-0-,11 ’

where the functiong X, are defined in the range xx(’xil <H, 0<t) and -
are continuous in ¢ apg X; and there pogness continuous derivatives 2

?
which satisfy the inequationg 5?1- <f.jy and & are constantsg.

xi(o,o,...o,t) =0 for t 90, As a positive (or negative) halftrajectory the

maximum connecting bow of g trajectory ig denoted which lies in the renge b <
for ¢ Zt, (or t€% ). I 1t 1s assumeq that the solutiong

xi(xw,...,xno,to,t) satisfy the Tollowing condition; (2) there exigt such

constantg oA >0, P>0, that for évery point p of £r on at least one half-
trajectory the inequation ig satisfied by ps

| - - 13R000826210(
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Priklad. Mat, Mech. 19, 516-530 (1955)
in r(p,to,t) 21n P

Here mean; r(p) = (12 . (for
1

ce. + X 2)1/2
TBrtost) - [13(x1p

It is Proved
that th
existence of a funct:oﬁongi

(3)

v-..xnpntoyt)i-.-.-f xs(x

tion
= v(x

1p'ooo’

(2) 1s neceasary ang

IV'<c AQ A
< 1I‘,dt>02r , ,g
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‘3t° or £ to)‘

1/2

xnp’to’t1)] .

sufficient for th
e
atisfieg the inequations
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Priklad, Mat. Mech, 19, 516-530 (1955) CARD 3/3 PG - 45

variation of the attitude of the solution is investigated for additional
terms of order higher than W, and it is stateq that, under certain conditions,
Liapunov functiong are existing which satidfy certain estimaticns. Then the
stable or instable attitude of the solutions ig not disturbed by additional

terms of order higher than M, if the absolute values of these terms lie
below a definite limit,

,Ri(x1, . ..xn,t)|<a(,x1| + el 4+ [xnl )E.

Exemples are given for the application of the obtained resultsg to systems
with delays of t,

CIA-RDP86-00513R000826210(
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Consider a System (1) ¥=X(x), where x, X are (n-f1). -
vectors, X(0)==0 and .Y is of class C* at the origin. Sup-
Posc also that the matrix 4 of the first-degree terms hs
one characteristic rogt zero and the rest with negative
real parts. Let J =itX, /). Theorem: Ifin a neighbor-
hood of the origin (origin excepted) the characteristics,
foots of J have their real parts ail negative {some positive]
;hen the origin is asymptotically “stable [is unstable]
or ().

Tl(xis question was already dealt with by Lyapurov
[Probléme général de 1a stabilité du mouvement, Prince-
ton, 1947: MR 8, 34] who first reduced (1) to a special
form. His condition reads decided!y differently, The

-present author's staring point is Lyapunov's reduced |
system. His condition offery the decided advantage that it ;
is expressed ditectly in terms of (1} without requiring a

. ] Krasovs Lit, N, N. On stability of motion in the criticaf 1-¥/8
N Tease of a single zero r(‘m-_ﬁﬁm’}(m) (1955), :

: preliminary transformation, [Additional references: Kra- : %

sovskil, Dokl. Akad. Nauk SSSR (N.S.) 93 (1953), 965-

b

967: MR 15, 795; Cetaev, Stability of motion, Gostehiz.
‘ ¢_dat, Moscow, 1946}, S. Lefschet; (Princeton, N.J).

e, - e ¢ 4 —— e,
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Card 1)) Fub. 22 - /51
Authors ! Krosovskiy, m.m.
AR RS T A st
Title t Abcut the conditions for convercence of Lyspunov's thecrems 01 the

instobility of stable systems of differential eyunti-ng

Periodical Dok. 4N 53sp 10011, 17-20, biar. 1, 1955

-]
3 Abstract t Conditions under which ths functions satiefying Lyanuncy's 7
- thearens on instablity may exist are discussed, Conditions of

the co-aulled "agsymptotic instability" are nlso conaidered.
Four refercnacs: J USER and 1 Enclian (1941-1951).

.
ettty The o Eires Ural Polyteahnicum
L srademieian A, M, Kolme, cvov, Decorher 1y, 1954 -
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SUBJECT USSR/MATHEMATICS/Differential eguations CARD 1/1 PG - 540
AUTHOR KRASOVSKIJ N.N.:
TITLE On the question of the reversal of the theorems of the second
Liapunov method for the investigation of the stability of motion,
PERIODICAL Uspechi mat.Nauk 11, 3, 159-164 (1956)
reviewed 1/1957

A new quite simple method of proof of the following theorems is givens

1. Theorem of Barba¥in on the existence of a section in a dispersive dynamical
system (Mat.Sbornik, n. Ser. 29, 233-280 (1951)); 2. Theorem of Barba¥in
(ibid.) and Massera (Annals of Math. 50, 705-721 (1949)) on the inversion

of Liapunov's theorem on asymptotic stability for autonomous systems; 3. The
following theorem 6n the inversion of Liapunov's theorem on instability:

let x = X(x,t) where X is continuously differentiable, X{0,t) = O be such that
x = 0 is unstable; then there is a continuously differentiable function

v(x,t) having an infinitely small upper bound the total derivative of which

%-)\v + W, A >0, w>0, and such that v>0 for any t = t >0 and x

arbitrarily near x = 0.
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SUBJECT USSR/MATHEMATICS/Differential equations CARD 1/1 PG - 382
AUTHOR ERASOVSKIJ H.N.
TITLE The reversal of the theorems of Liapunov's second method and the

problem of the stability of motion after the first apprcximation.
PERIODICAL Priklad. Mat. Mech. 20, 255-265 (1956)

reviewed 11/1956

The present paper essentially represents a combination and coordination of
several results of the author and of such ones of other authors which refer
to the following themes: 1) Relation between the existence of the Liapunov
function and the notion of uniform stadility. 2) Charascteristic of a method
(N.N.Krasovskij, Priklad. Mat. Mech. 18, 5, (1954) and 19, 5, (1955)) for the
reversal of the theorsms of Liapunov's second method which is applicable in
the case of stability as well as in the case of instability. 3) Proof of
existence for Liapunov's functions which satisfy certain estimations and
application to the investigation of stability problems after the first
approximation.

In the last section the author formulates with sketched proofs some new
resulta concerning the application of Liapunov's functions for syatoms with
delay (the paths of motion are considered in the adstract apace).

INSTITUTION: Sverdlovsk.
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. N ﬁn !bc sppﬂcaucn of the m___
thod _of Lyapunoy for_equations JFith time retar-

" dations. PnkiMa( feti 20 (1958) 315-327.  (Rus- }fﬂ

,‘/‘:

i sian} -
: Lj_gpnnov s second nl,thr\d is extended to systems
s#ﬂ(‘)wli[xx(“"ﬁu(f‘) s, walt=hea(l)), £, 1595,

iwhere X{x, §) is lipschitzian on (|SH, 120 and X(0, ) =0
ifor 207 and where the functions Ag(r), 15, fsin, are ¢
lecewige conitinnous snd satisfy 054 l}ﬁ}’;mcomz for A

e

e e

20. After suitahl ‘mochfxcatmu of the basic stability
efinitions, the auther proves sufficient conditions fur the

iaevnribngle nnd fafal atabliter Af v mncnceares aned
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&8 tabiity of ¥=0, _BECESSary. ﬁ.nd
“sufficient cotiditions. {m*thc uniform asymptotic efability . -

-and thaorems. relamg exponentizl-asymptotic stability to

total'stability. Their precise statements are too long to be

"+ stated. mope explicitly here. All results are base d upon
: considerations of positive delintte fusietions in the manner
of Lyapanav&&wnd mothad  H. 4. dntesiewses
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{
A 3ivgle solution of (1), This solution exists for ali t 2 for which they

are ~iviinuatile in the ragion ”y( Q)ﬁ < Fe
Ar tnitial curves x (¢ )
: o

soptinuous curves are allewad =tich sagtisfy *he

a€n
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Priklad. Mat. Meon., 20_ 55-5'8 (1u56) TRRD LY Py 373

The trivial solution r = O is called stable tf fer gewry £ O there exiels
a 4 » 0 such thar from \x \f -':)‘ Y« d thers fedlowe ine 1naquation
ux(x (¢ K ).+ S_)“, < ¥ fox t;rt L1 foroau) Taw ewisa lontinuous
at o 2 O o
tnitial curves ¢f (2): 1{t) =30 as t —w w .  then s = o s <32led asymptotic-
- nlly stadle,
' The following <riterion of stability ie provel Tne ‘-3_':',.“.1 2olution x = O
1a asymptotically stable if there uxistis a functional Viyl ) ) shich 12
defined on the functions y(-T) (0xT<£E, b, <hn; apl wrach satiafies the

following conditions:

‘. ¥V is positivs definite w1"h reapsct tc a x'otrtc whish is lefinad hy the
noxn { y(- Z)|| = sup | y,! <) (ogTan

« V tao an infinitely emall upper bound on 'Y.e curves yi o ny ly( T4 E

¥V satisfies the inequation

inf (Wy(-1). )5 ¢ nyper,cu” WP T T ge

A0
©

4, Tin (AV/Lt) (A1 -%-0) 18 a negadive dafinite funcvionti =a fhe
continuous ourves y(* A which, for -n+b &% &4 sarisfy the insguation

Priklag
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SUBJECT USSR/MATHEMATICS/Differential equations CARD 1/1 PG - 739
AUTHOR KRASOVSKI N.N.
TITLE On the second Ljapunov method for investigations of stability.

PERIODICAL Mat.Sbornik,n.Ser. 40, 57-64 (1956)
reviewed 5/1957

The author gives necessary and sufficient conditions that there exists a
Ljapunov function v which has a positive definite derivative and an infinitely
small upper bound. The investigation relates to the non-stationary system

i
Tl xi(11,12,...,xn,t) j=1,2,...,0.
Furthermore conditions for the reversibility of Ljapunov's theorem of in-

stability are given. In the case of stationary systems one obtains earlier
results of the author ( Priklad.Mat.Mech. 18, 513-532 (1954)).

INSTITUTION: Sverdlovsk.
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KRASOVSAY, N-iN. , .

SUBJECT USSR/MATHEMATICS/Differential equations  CARD 1/5 PG - 350
AUTHOR KRASOVSKIJ N.N.
TITLE On the theory of the second Liapunov method for the investigation
of the motion stability.
PERIODICAL Doklady Akad. Nauk 109, 400-46% (1956)
reviewed 10/1956

The author considers the stability of the trivial solution ™, = XpmeeamX = 0
of the system

dx,

el 11(11,12,...,xn,t) i=1,2,4..0,

where the functions xi in the region ]xi‘<8, t 20 are assumed to be con-

¥xy

tinuously @ifferentiable and satisfy the condition l"dx £ 1L - const. Several

definitions are given in order to establish the notions of the simple, the
uniform and the ssymptotic stability. A result of the author (Prikldd.Mat.Mech.
19, 2, (1955)) is improved by the formulation of the following theorem without
proofs For the asymptotic stability of the trivial solution it is necessary
and sufficient that there exists a positive definite function v(x1,...xn,t)

of the class C1 the derivative of which %% is negative semidefinite and
satisfies the condition

APPROVED FOR RELEASE: Monday, July 31, 2000
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00
J m,l('t)d't - -0 for 8ll gufficiently small rl7 0.

o)

Here m ("C) is a continuous function such that in the region v 5v(x1,...,xn,'C),
\xi\ £ 6 = t the jpnequation
dav
m,\('t Y7 8upP 33
is satisfled.
Then it 18 ghown that the method of Liapunov functions can ve applied to
investigations of stability with respeoct to first upproximution in a metrio

space Re The obtained generalizations of well-known criteria are uged for
the examination of stability of the systems with retardation. The following

result is formulateds: Let be given the systems

dxy
(1) — " Xi(x1v...,xn,x1(t—h11(t)),... xn(t-hin(t)),t)
and
dxi * »
(2) —% - xi(x1,...,xn,x1(t-h“(t)),...,xn(t-nm(t)),t) +

+ tf’i(x1, cos ,xn,x1(t-h;1(t)). . ,xn(t-hL(t)) ,8).

Let the Xy be continuous in the neighborhood of X4 = s¢+ =*n = 0 and

- 1.‘ .
i S S, S
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ady Akad.Nauk 109.. 400~

Dokl
gtant L being jndependent

tz condition with the con
()l <n, where n>0 is

ewige continuous, °éh‘13
*»
and hij gatisfy the conditions

satisfy in X4 the Lipschi

of t. The hij(t) are plec
The functions ‘pi

constant.
\(pi(x‘i, LA 7xniy1’ . 'yntt)\ < A1(‘x1‘ +"'+\In\ +‘Y1‘ oo '+‘yn‘)
*
| < A, hyy D0

*
\hij(t)‘hij(t)
1f the golution

Undexr these agsumptions the follo
- 0 of (1) is asymptot

11 m ese = Xn

n

121\‘1(”‘ IS POl R ke
B>0 - constant)s ers &,
ution X4 = **°

11ds

wing theoren is va
where

ically gtable,
(+-t))

and Az can bve found

then positive numb
11y gtable 100«

(0‘709
of (2) is asymptotica

such that the gol - X,
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JITE R krasovekiy, N. ¥. ,(Sverdlovsk) 103-11-2/10

TITLE: On the Theory of Optimum control (K teoril optimal'nogo
regulirovaniya .

ruy10DICAL: Avtomatiks i Telemekhanika, 1957, Yol. 18, Hr 11, PPe 950-970
(USSR)

ASTRACT: Here it is8 assumed that that quantity i limited, the value of
which, generally spoken, ijs determined by the pehavior of the
function u, () in the entire domain of the transition processs
Apart fromkthe case O £ u (t) in every moment %,

the raising © number of other

Here the pro ig dealt with in a manner that 1is

from that employed by Boltynnskiy-camkrelidze-

pontryagin (DAN 89SR, 60, Nr 1, 1956). Whenever there is
pgreement with the aforementioned work, the method employed here
leads to the same results. Here it is assumed that the bdasic part
of the system pospesseés given and unchanging parametars. First
the problenm of the optimum gontrol is formulated. 1t is then ine ,
veptigated in the case of the 1imitation gT(u1 W (Tﬁ) < O
N denotes & congtant quantity oOr function of the variaﬁle
xlO""""”xno’ T, &p given functional which corresponds to

A R E u
y, J y 14
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fa the Theory of Optimum Control 103-11-2/10

the limiting type with the function u (t). g, i8 8 quantity,

the value of which is computed accord*ng to 2 certain rule in
nccordance with tne sunctions u (T)yeeestt (T), which are given
in the section t & T & t 4T, The problem as such consists

in determining a®function uﬁ(t) in such a manner that the
trajectory xi(xo’to {uﬁ],t) reaches the point X, = é(t) within
the shortest poosible time T = t-t . Here in some cases con-
tinuous functions uk(t), which are’limited by gT(u1(T),..,urCT7)

érN, are admitted. Next, the problem of automatic control is
sinvestigated on the condition [uk(t)l < N, where ¢+ 2 £,

k=1yeeeaceeyle In conclusion the approximated methods for the
computation of optimum control functions uﬁ(t) are dealt with.
There are 11 Slavic references.

_JR4ITTED:  January 7, 1957

AVAILABLE: Dibrary of Congress
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AUTHOR Cermaidze, V.Ye.and LKrasovskiy, N.N. 40-21-6-5/18
(Sverdlovsk) — T
TITLE: 3tability Under Constantly Acting Disturbances (ob

ustoychivosti pri postoyanno deystvuyushchikh vozrushcheniyakh)

PERIODICAL: DPrikladnaya Matematika i Mekhanika, 1957, Vol 21, Nr 6,
pp 769-774 (USSR) !

ABSTRACT: The authors investigate the behavior of the solutions of dif-
ferent differential equations. The initial equations are es-
gsentially systems of differential equations of first order in
which on the right side there stand arbitrary functions of the
variables and of the time. Starting from the solutions of a
certain fundamental system conclusions on the solutions of
disturbed systems are obtained. Several theorems of the fol-
lowing kind are proved s If the zero solution of the shortened
initial equation is uniformly asympiotically stable, then it
is stable too if there axist constantly acting external dis-
turbances which are bounded in the mean. The proof of these
and of similar theorems is carried out according to Lyapunov's
method. Surpassing the investigations usual till now the
authors still deal with systems of equations, the variables
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Stability Under Constantly Acting Disturbances 40—21-6-5/18

of which possess delayed arguments. Even for such systoms of
equations corresponding theorems like thet one mentioned
above can be proved. The paper is particularly interesting,
since in its third section a proof for the frequently aprlied
and extraordinarily useful method of the harmonic balance is
given. A general thenrem is derived which represents & mathe-
metical foundation to this method heuristically applied till
now. There are 11 references, 9 of which are Soviet, and

2 Anmerican.

SUBMITTED: July 18, 1957
AVAILABLE: Library of Congress

l. Differential equations-Analysis
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TITLE:

PERIODICAL?
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ABSTRACTs

ness theorems (or the theorems of

jnroscillations are of importance. The
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20-2-5/60

on the Periodic Solutions of Differential Equations With
Time Retardation (o periodicheskikh res
nykh uravneniy 8 zapazdyvaniyem vremeni

heniyakh differentsial'-

Doklady Akadenii Nauk gsSR, 1957, Yol. 114, Nr 2, pp.252-255

In a complicated generating aystem the existence and unique-
isolation)
present report shall

of the generat-

show the poasibility of the solution of such problems for
equations with a time retardation. similar as in the case of

ordinary equations the method of the
case O

employed here. Only the rough

Lyapunov functions is
f the asymptotic sta-

bility is examined here, but for systems of fairly general
form. The author finds the gsufficient conditions for the
existence and for the uniqueness of the periodic solution

for a generating gystem. The author 1

ing system of equations (1)
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20-2-5/60
lutions of Differential Equations With Time Retardation

n
= Pij(t)xj(t - hia(t)) +

J
+ Py (x1(t - hi1(t })y eeees xn(t-hin(t)), )+ fi(t);

?i(o, vieey, 0, 8) = O3 (1 = 1y 2y o00o n).

In this connection p; (t), Pi(xqy vover Xpo t), fi(t) pignify
continuous functions ind hi.(¥) piece-by-p?ece periodic funoc-
tions of time with the perlad T, and O < hi.(t) L H applies.
The equations just given evidently also inciude gystens of
equations with finite differences. The author also investi-
gates thensystem of equations (2)s

ay, /¢ ?:1 qij(t)yi(t-gij(t)); (1 = 1, 2y oees M)y VROTE

q, .(t) signify continuous fu (t) >» 0 piece-by-
-biece periodic functions. T %Aeorems are given

and proved:
Theorem 13
2) is asymp

On the Periodic So
dx /dt =

nctions and &
he following

=0 of the gquationa

§, yend L

--..-y

When the solution ¥4
gitive num%era

totically stable, PO
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can be given so that, when the inequations
|pij(t)—qij(t)|< 8, Iny;8)- O SN A TR t) =
@i(x%, ceey X}y tﬂt: LZZ;‘ x3-x3| , are satisfied, the

pystem of equations (1) has a unigquely periodic solution which
is asymptotically stable in the Lyapunovan sense.

Theorem 2: When the golution y, = «ee¢ =¥, © 0 of the system
of equations (2) is asymptotically stable? the solution of

the equut%ons

ax;/at .32: (ag4(6) + pogy(8)x;(t- [y (0)+ gy 5(9])
+ 1, () + pgy(xq (- [85(%) + g (8)])0 e X80 [8:5(8) +

+Zuhij(t)]), t), is stable with regard to the parameter M.
There are 12 references, 10 of which are Slavic.
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On the Periodic Solntions of Differential Equations With Tine Retardation

ASSOCIATION: Ural Polytechnical Institute imeni S. M. Kirov
(Ural'skiy politekhnicheskiy institut im. S. M. Kirova)

PRESENTED: December 10, 1956, by I. G. Petrovskiy, Academician
SUBMITTED:  April 16, 1956

AVAILS LE3 Library of Congress
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AUTHOR: QKruaov.W 20~119-3-9/65
TITLEs On the Stability of Quasilinear Systems #ith Afterworking
(ob ustoychivosti kvazilineynykh sistem s posledeystviyem)

PERIODICALs Doklady Akademii Nauk, 1958, Vol 119, Nr 3, pp 435-438 (ussgr)
ABSTRACT: Well-known stability theorams are transferred to systems

(1) &% - x [(ee 3,8 + 1 k(e 9,21 (-n<¥e0)
where x is an element of the Banach space B; X and R are ope-
rators on continuous curves x(~¥) (-h ¢ aAF<0) which map these
curves into B, t »0 .

The space of the continuous curves x(~) with the norm
Ix(‘-)ﬁ)- suplix( &—)q , -h < #€0, is denoted with B(*) , its
elements with x(-). The linear equation

-g—’t‘- = X(x(t+ #), x€B, WXl = L, is equivalent to the equation

dxgtg)

o = A x(t,*) , x(t,")E€B(*), whereby & is the un-

ldt-+0
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On the Stability of Quasilinear Systems With 20-119-3-9/65
Afterworking

y(6) = 8% for en€ <O
vounded operator A x(:)=y(-) .,{

aJ
v(0) = X[x(9))

Theorems If the spectrum {Aoas of a satisfies the condi-
tion

(2) Re Ay & - (¥20)

then there exists a functional v[x(')] which satisfies the
following estimationss

c, ”x(n)”k < v[x(o) $c2MX(')”k

Lt sup Y[E(EEAE) - vt 0] ¢ 2o ¥
At->+0 Y%

- k-1
v erc)] v e O] € oyl (- () fonalzn I )

where k>0 is an arbitrary fixed integer, °i>0 are constants.
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On the Stability of Quasilinear Systems With 20-119-3-9/65
Afterworking

With the aid of this theorem the author showss 1.) If (2) is
satisfied, then there exists a constant a >0, so that the so~
lution x(t,o} = @(+) of (1) is asymptotically stable, as soon
as IR [x(5),tll £ alx(«)l . 2.) A more complicated criterion
jn which a lower bound is given for the characteristic numbers
of the solution. There are 13 references, 9 of which are So-
viet, 3 American, and 1 Hungarian.

ASSOCIATIOH: Ural'skiy politekhnicheskiy institut imeni S.M.Kirova (Ural
Polytechnical Institute imeni S.M. Kirov)

PRESENRTED3 July 22, 1957, by I.G. Petrovskiy, Academician
SUBMITTEDs April 8, 1957 .
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16(1) VIASE © BOCK EXPTOTTATION Geh
wyevich
Kransovskiy, Nikolay Nikoluyev )
_’_,__,,“L_ il

the Theory
Teoterrye zadachi teorid ustoychivosti dvizheniya (Sot;ilprob;emo(s)o izopies
Mozmé"tabﬂ_it.y of Motion) Moscow, Fizmatgiz, 1959. < e 5,
printed.

Ed.: G.I. Fel'dman; Tech. Ed.: S.0- Akhlamov.
rists,
PURPOSE:  This book 18 intended for mathematicians and physicis

stabilit
COVERAGE: The author examines certain problems of the ;};e::.l,;tiil tl;:uauons. Y
of t,,he colutions of nonlinear systems of ordinary di t: e S roblens on
The bookrdeals primarly with the solution of general the T enzes for
the nnﬁsihilities of Lyapunov's method and on certain b!a.so})]zms‘~ e ok 15
a él}{ng-the method to the study of apecific stdbiliiyuirj B e form
b§s§d mostly on worke of the author published in v: do Th:uzgrks’of e
latiOn'; and proofs have peen revised and supplemente .1 S O ok, The ® thor
Sovi ett nhd non-Soviet authors were also used in preparing
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Some Problems in the Theory (Cont.) SaV ET55

thanks N.G. Chetayav for his advice and criticims concerning the vork and

Ye.A. Barbashin, M.A. Ayzerman, N.P. Yerugin, Ya. Kurtsveyl', AM. Letov,

I.G. Malkin, V.V. lomylskiy, B.S. Razumikhin for taking part in the discus-
sion of the work. There sre 141 references: 129 Soviet, 10 English, 1 German,
and 1 Spanish.
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16(1) 05257
AUTHOR:  Krasovskiy,N.H. 507/140-59-5=13/25
TITLE:. On Optimal Control in Nonlinear Systems .

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. vatematixa, 1959,

Nr 5, pp 122-130 (USSR)

ABSTRACT: The method for the determination of the optimal control proposed
by L.S.Pontryagin [Ref 1__7 has an essential want for the
practical application: The conditions of optimality obtained from
the maximum principle lead to a system of differential equations
and the integration constants appearing at the solution have to be
determined so that the optimal trajectory runs into the origin
after o certain time; but en effective method for the solution of

this boundary value problem is missing.

The author proposes an approximate method for which this
difficulty can be avoided by the introduction of 2 paraneter.

The equations which describe the dependence
trajectories from the parameter are extraor

of the optimal

dinarily difficult in

the nonlinear case and can be treated only numerically.
Ther= are 4 Soviet references.,
ASSOCIATION:Ural'skiy gosudarsivennyy universitet imeni A.N.Cor'kogo (Urals
State University imeni A.M.Gor'kiy)
SUBMITTED: April 21, 1959
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16(1) 06310
AUTHOR: 7 Krasovskiy,N.N. SOV/140-59-6-11/29

TITLE: B;'-gﬁméi"gi:c;ﬁ-igﬁméf"'the Existence of Optimal Trajectories

PERIODICAL: 1zvestiya vysshikh uchebnykh zavedeniy. Matematika, 1959,
Nr 6, pp 61-87 (USSR)

ABSTRACT: The author considers control systems described by

d
(0.1) E%n £(x) + bu ,

where f£(x) has continuous derivatives up to the order n-1 and
u(t) = {u1(t),...,un(t)} is the so-called controlling device.

For given initial conditions X the author seeks & w(t),
[wO(t) 1 80 that the motion along the trajectory x(t)-x(xo,t,uo)

from x_ 4o 0 is carried out in a eh_orhtest time. Under the

g ]
assumption that the matrix A ({A}ij ’(’3-;1;)::-0 in the system
of the first approximation. J

dx
(0.3) F|~ M

in the point x=0 gatisfies the conditions usual for linear

B A S
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On the Problem of the Existence of Optimal sov/14o-59-6-11/29
Trajectories

systems, the existence of & domain of optimal attraction in the
neighborhood  of x=0 is proved. The result is used for proving the

existence of optimal trajectéries for nonlinear systems

(0.4) . 1(x)

the trivial solution of which is asymptotically stable. Three
theorems ars formulated,

There are 12 references, 11 of which are Soviet, and 1 American.

ASSOCIATION:Ural'skiy politekhnicheskiy institut imeni S.M.Kirova (Ural
Polytechnical Institute imeni S.M.Kirov)

SUBMITTED: March 3, 1959
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Sufficient conditions for optimity. Prikl, mat. i mekh, 23
no.3:592-594 My-Je '59, (MIRA 12:5)
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AUTHOR: Krasovekiy l.l, SOV/?O—lQL—?-?i/fh
TITLE: ""On the Theory of Optimal Contrcl of Nonlinear Syshems af Second

Order

PERIODICAL: Doklady Akademii nauk SS5R,195%,Vel 125,87 2,pp 267-270 (US3R)

ABSTRACT: The author considers the system
dx
(1) e f(x,t) + Q(t)q '

where x,f,q are two~dimensional vectors. For t€;<ﬁxjtqﬁ1) e
functions f have continuous partial derivatives ?fifaxj bounded
with respect to their absolute value uniformly by Ly Tor t = tgs

f and‘afi/Bx may have discontinuities of first xind. The motion

described by (1) begins in the moment t.

The author seeks a piecewise smooth function Qo(t), \no(tﬂggl,

so that the point x(t) reaches the roint z =_0 in the shortest
time. As in the paper of Pontryagin [Taef 1_7 the author
introduces notions of the admissibple controlling, of trhe optimal
trajectories etc. The author proves the correctness of the given
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On the Theory of Optimal Control of Nonlinear SOV/20-126-2-11/¢ L
Systems of Second Order

problem and he extends the maximum principle of Pontryagin to
the considered instationary case. Basing on the general
investigations of Pontryagin and results of the functionzl
analysis and the qualitative theory of differentianl equations
the author formulates six theorems on the existence of optimal
trajectories, on necessary and sufficient conditions for the
optimality and on a method for the successive approximation
of the optimal trajectory.

There are 8 Soviet references.

A3SOCIATION:Ural'skiy politekhnicheskiy institut imeni 5.M.Kirova (Ural
Polytechnical Institute imeni 3...Kirov)

PRESZNTED:  January 22, 1959, by L.S.Pontryagin, Academician
SURMITTED: October 20, 1958

Card 2/2

APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210(



(=}
L
N - ]
O P -
NN |
0
=] m
o i~ R
2 i
m m |
vl B0
2 | |
Jparp Avias [Xk8 3o
nils eqy JO e3seqinis (e salrere
< st ...:ﬁ.hwlr 41 ‘ORRCETY! _ror OF -a ‘mvInt
f_o seanecols 30 W soriske goiIweCe oapw0d wochmamunqm!
» ru 9953400 FUTIFTRITED spIweny, < CEVI
8 { oxs Fopmeny o FUReR " .
P ' guocd%uwuguobgga.”“vu.a
D «ah- prasy BSTINNTE #93145D SO ws7emedp ¥, CLRTECE
| - ° i Tl KTiqres wwnido
R gyooaswd Jo TOTINT sy FUTTIBIIO), ‘}a
1 W | .Hw MMS sAT3002I02 30 3 ﬂsﬁwﬂ! ﬂu‘u uw.wndlw«a!?bl
m m sy3waTe 30 FIRY Ly enOTTTY «n-d»b-aﬂ J.vn .dﬂu.nuu oW
C W“ STTrwIRdR o3 30 potmwaly 0 JO oI IBAAN], - gg. -
5 a1 Tor3oe0 TIIWenw
) sazaly v UF OTIALIMTY MV ﬂ‘um«wnﬂ : e oo 71
& o midhC, - 'YV X Ploges, o] %ﬁl N nﬂa.n-
& sen S0 TINIY J35Ts TRV XL a1 0108d 3o wally Ao, =3 .nnsnh .
g " s i TO2ITO T 15 JO zrqesd 1.".... - u. v CECEIYI
i T is “ w3 A .MWMBS:-"JHE
by e -
fopg og 'ZRLOT M ATTRALGTATOA A°8 e =
o &ioeys oT3 Jo sTaTRrd soog, = "X 4 T
0% ;o suwTqord swog, - % I 'XIGO

TCIINMLIRAT TESITISIIVS I boqﬂudcﬁﬂné R rast sy T w1000a0

weoooid oy FCTRIINDY, - ‘A °A ‘I

ety 3o sty ® T ISITOT W N9

M q33A sl e TnAET 3 -uoau!oaumb- ="
" qaw 30 wOTIETRIAI wiime 0
1

e an P .

v sTTDe- T - vy D CIEEDACTS T L 3 ‘ATIwWa
arpeay .v.ulnﬂ..-.b“»-»w Mm«unuua spsaazasss el [, Y73 .ﬂmud%'. "
pemigun 30 Lioaws ¥R1 38 GCTINATIELY eTy BUTRieved, uu.nu.a TICTCEXRY.

- .-qﬂn!ﬁ“n 98 ouTI-¥SIY 3O suotanrslo peR39ERTD uhﬂd‘ﬂll-» m
ey 3o toasls orrniri-oTon egl, - (TR3) IXETI VOV 3 BBﬂuu
- gangrazls peaIndsTp IS =288 aluuﬂinu'onlwuu =z
Az IonIae L T ﬂ-ﬂ.uan\‘nﬂ 3o uolsTITRI JO -doAullt - “ .- ¢
SI»3I8A203 TEICTIANRS 30 ppeeqands Jo pOqLaa TP, N l!r-ag‘d
- JSiels T3R8 3T JO TTIR

) RS oot (e ke A S e H LRy S i

-
ol S4TTrawTTas TeoTIsIeds OV STiTe TG, .H««A.O“.-
3 opte 35T ERONITIHOAT ¢ W
STy SO reeTaotd JeeTTTTOU ks Jepapiag)
sucpawnbe TVRIDAIAGSTR 30 L1000 o0 O oy nﬂuuial .usvniull
TRARD copywoy, = I °
ueawudﬂﬂouﬂﬂ. v 3 .aI. Ll

3
- N vy o
stywecine 3o Kooy TITIrTInas 3o neTR0d,

-
Poyprocse rweisly sotswndel SITWIN
o ado 30 COTIRTTENLG, = D "8 .Jpnuﬂhuu
)
A548 TosIEoS OFIWEATE Yo jrwadcTea, - °1 -3 ‘pocuw
2TI0q 203 o nv.“ coprm jo seTEiacid W PR

srarames o33N JO sefais Parnzeer=sIo8 PO vl ied

wmy PEITEISS VD TV
THRITEET SO sigenan{ys S

0,
JEI0 BATTIS AT w3y FUoTIFT
Fa0Taap BITIFROTED STEOI3OSTe T -

"APPROVED FOR RELEASE: Monday, July 31, 2000
’4%: 425 o _zx,.,fa_f_t.'.{.&?:lfl. BPIRESY

“¥osn *AoOROM ‘CRGT TN §-tme 6T ‘luaimod

siiwmoany 3¢ TOTLaISpss 13U w3 Jo eRadue) TINI 3T MR W pRCHAd g 03 3ode:

CIA-RDP86-00513R000826210(

APPROVED FOR RELEASE: Monday, July 31, 2000



"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210

7 L}L)’-.—" it
.

-’Eéx‘( T "",} S TR B 'W&’E\'B" SEREEE I R SR T N RO B G RRR N R A R RER R

SO F RS i ik

L FOEL
A5

T 16.9500

AUTHOR3 Krasovsikly, N. N. (Sverdlovsk)

TITLE: Optimum Control With Random Perturbations

PERIODICAL: Prikladnaya matematika 1 mekhantka, 1960,
Vol 24, Nr 1, pp 64-79 (USSR)

ABS'"RACT1 The optimum control of a system descrlbed by

dl.‘
- A 4 1o ¢ .
Ti Ax 4 Bu -cy, (1.1)

is studied under the conditlon that the expected
time of damping of the translent process be a minimum.

Here x i3 an n-dimensional vector in phase space, A

and B are n-by-n matrices, ?7(t) is a random scalar

function, and u 1s an n-dimensicnal steering
Card 1/7 function. For glven inltlal conditions xo, 770,

to,
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it is required to determine the steering function u
which guarantees that the damplng time of the translent
process ;((xo,’qo, tyr ta M) uw) be a minimuwn., The

author rerormulates the problem as follows. He defines
a set of operators u [t,g] which 1s denoted by Ug

for t}t,) which compares vectors u with realizatlons
of the rindom function 7] (t). The set U, 1s restricted

go that I u [t,gll < 1 for t in the lnterval to oo
and such that

T W,k e, 20 %0 t4) _—S PUT LKy & rg, My, o t]dE < 0o (1.3)
1

Here, D [Ut,k, €,:<O,770,t0,t] denotes the probability
that
B (T, Tos tar & N ) e > 2 (1.4)

Card 2/7
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holds for t 2 to alory a random solution of the glven

3y m of equations generated by the random functions
?t? and u% % ZThe norms used are defined by

|| y || = \//;/ E )/22 and IIEV ||

n

V&i + e where k& n.) The "optimum

problem" 1sg Lhon the problem bg determining an
admissible steering functlon Ut from the consgidered

set such that

. o - - .
T [U] = min (1{U,] ).

The author first proves an exlstence theorem for the
speclal case glven by

2 gm0 1 () @1
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with k and € taken a: 1. and ¢ reupectively. The
function 7 (t) 1s assumed to be plecewlse constant
on certain haltf-closed Intervals, finite 1In number;
the constant values?lz‘ are assumed to satisfy:

,7)(.!17/, < i (=1,...,m (22)

Furthermore, it 1s assumed that the roots of the
characteristic equation | A—) | = 0 have negative
real parts. The admlssible realizat*ons of u(t) are
considered to be plecewise smooth functions having
finite Jumps at isolated values of t, and the admissible
solutlons h(t those contlinuous functions satisfying
(2.1) except at the stated points of discontinuity. Theg
author shows that an admilssible steering functi-n U

exlsts for any cholce of initial conditions x0,7 ;, to,
and usling thls he proves that an optlmum steering

R

it BE
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Optimum Control With Random Pertacbatlons 1782
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function UO exists for any cholce of the inltlal
data; 1.e., there ecxlsts an admissible U% satisfying

the condltion
IO I (2.9
where TO 1s the limlit of a certaln sequence of

T [Uék)] as k- 00 corresponding to a sequence or

the existing admissible Ut‘ The author then con- s
slders the equatlon
o ez L aTy - u(t) - (1) - 86 (t~~1,) (3.1)
(zj == L T )

where f? is a random independent varlable with a
small dlapor)JonC’“. It 1s assumed that-the

2
Card 5/7 mathematical expectations of f and éi are zero
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and C;Q’ respectively. The author states (without
proof’) that the optimum conditions for the f1rst
problem can be obtalned from thlis problem by letting

andGa tend to zero. He then deduces a necessary
condition for the optimality or the steerlng function
with the same cholce of 7) (t) as in the previous
problem., He notes that standard approximation methods
(e.., method of steepest descent) can be used
though with considerable difficulty to solve the
varlational problem. The author also describes, by
proving several theorems, a generalization of the
Lyapunov function and the applicatlon of the second

method of Lyapunov to optlimum problems: the exlstence
of admissible optimum steering functlons and the
construction of such functions. As 1llustrations,

the optimum control for rardom nolse is discussed and
an approximate graphlcal method 1o degeribed for
constructing the optimum Lyapunov function for a
system of equatlons of the second order corresponding
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to the eguation

Nt X g a2 (6.2)

and the condltlons luﬁf; 1. There are 18 references,

16 Soviet, 2 U.S. The U.S. references are: Iasalle,

J. P., Tme Optimal Control Svstems, Proc., of the
National Acad. of Sci., Vol L%, Nr h, (1952); Bellman R.,
Dynamlc Programming and Stochastlce COHLIOI Processes,
Information and Control, Vol 1, pp 228-239 (1958).

SUBMITTED: October 5, 1959

Card T7/7
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On Approximative culeulution of the Optimun Control Siith « birect
Hethod

u® (b)) und of the optimum trsjectory x© (L) = :((:co,t.u°), nowever,
raises great gitriculties. The author propuses the folloaing
approxinetion method.

Let UEL x,t] be a continuously differentindle function with respect
Lo %y with the properties

(1.3) 0% UgE 1 tor all X U Loo,ti s i Uy [ x,t) =0 tor t»0L.
(1.4) 1 [x,t] 2 q( &) for lxil2€> o, 05 ¢ €9, txl :Jz_‘xji-
(1.5) limq(&):hlimeg = @, linlg = @ for €= 0
puzilicry problem Ag For given X = X5 e = 0 an adnissible control
w? (%) is to be determined sc that
e (5
»

(1.7) TS = S U Lx(xo,t,u° y,t] dt = min Y

3 ) & € A
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Or Approximetive Calculation of the Optimum Control With a Direct Method

Auxiliaryproblem Ag¢y : For given x = X, %, = 0 the control ue_'< (t) 1s
to ke determlne& so that

(1.7) TEK S (0 ¢ {x(x g, b, uee ) £]+ (e (c)] )dt - T° = min,

where k is a ndtural number and u“ does not sutisfy (1. 2)
Theorem 2.1: It is

(2.1) lim 7% =17° for €= 0
(2.2) lim T, =17° for € =0, k = ®
#here the functions ug (t), u Tk (t) for €— 0, k — oo converge

in the mean to the function u® (t) on [O 7°3(in Ly).
Theoren 3.1: us (t) satisfies the condition

(3.%) i () YX(t) . v) = max,
where ™Y°(t) is the particular solution of

(3.2) a4y ] _ ?ug[Xf_(ﬁ"‘:J
reaiadie A + VL(t) N '\\'.\(i) = ————_,S;-'..w ‘)(

Card 3/9
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On Approximative calculation of the Optimum Control With a Direct
Me thod

and A' denotes the matrix transposed to A.
The theoremr show that the initial problem can be reduced to an
ordinary wariational problem. Since, however, the use of the concitions

) (3.1), (3.2) is difficult the author recommends the following direct
i way for the probelm A gp Take

U, =1 - exp (- TE) for t & [0,1:{_] , Ug =0 for t>T¢

and seek the optimum control "in the form

(4.1) u(t) = aq sin -,-L AT sin—%-a

if (4.1) is substituted into (1 7) ana into the general solution

(2.11) x(t) = F(t)~. ( F(t) F(T) bu(t) 4T
of (1.1), then the problem g
(4.2) min Flag yeens at) = min ~S(UE x(x s b u), t]+ u (t)) dt:] V<

card 4/5
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ontrol With o Cirect

is obtuined, the Solution a: - az of which yields o control
') - 50 gin £ teevrat o gin &

T, ¢ T,
which fo. sufficiently Siall £ ang sufficiently great k& anqg 3
Crbltraving near to yo(t),

L. J. Rozonoer is men
m

ere are 10 referenc

is
tioned ip the baper,
€5: 9 Soviet and 1

American_
uUBMITTED: November 12, 1959
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AUTHORS: Kats, I Ya,, and Krasovskiy, I {sverdlovsk)

TITLE: On the Stability of Systems With Random Parameters

PERIODICAL: Prikladnaya matematika 1 mekhanika. 1960, Vol 24, YNo.5
pp-809-823

TEXT: The authors consider the equations of the disturbed motion

(1"1) dX/dt = f(x)t-y(t))o
[ . .
where x ={?1,u.,gxnk. f = 1f1’”"'fn% , the fl are continuous with

respect to all arguments, and in

(1.3)  f'x <H, tzt., i
where fx|i = max (\x1,,,.g,§xn3) it holds: !

(1.2) i ety (80)-£,(x 6y (1)) 7 L e

Here y(t) is a homogeneous Markov chain with a finite number of states,
i.e. in every moment, y(t) can assume one of the values Y, out of a

finite set of values Y(y,... .y.). where the probatility p (7.t) of the
1 r 1

e
TR

pioige

SR
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On the Stability of Systems With Random Parameters

change yi—-}‘yj in the time /At satisfies the condition

(1.4) pij(/.‘-t) =0‘.iJ(.‘;t+o( £t) (if3) (r/‘ij = const),

where o(/At) is infinitely small of higher order than 7.t. It is
assumed that y = i (1=1,2,...7) and that

(1.5) fiw,nyu))zo (yay, t:20).
{ . L) i ions
A random vector function zx(xogto.,yo,t),y(to,yo,t) ! the realizations

(J_c(p)(xo,to,yo;t).y(p)(to,yo;t)h’gof which satisfy (1.1) is cslled a

solution of (1.1).

The authors investigate the probability stability (cf (Ref.5)) and
the asymptotic probability stability of the solution x = 0 of (1 1)
The conditions of stability are given in terms of Lyapuncv functions.
A function v(x.t,y) is called positive definite 1f v(x,t y)>2w(x) for

all y ¢ Y, t3t  where w(x) is positive defimite 1n the sense of
Card 2/7
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On the Stability of Systems With Random Parameters

Lyapunov; v(x,t,y) is said to be of constant sign if in (1.3) it
cannot anssume values of a distinct sign. A function v(x,.tgy) sdmits
an infinitely small least upper bound if there exists a continuous
Ww(x) so that v(x,t,y)<;W(x), W(0) = O for hixiH, t2 7T . vy Y

A function v(x,t,y) admits an infinitely large greatest lower bound
in #xtoH if w(x) (cf. above) satisfies the condition lim w(x) =00

- N

for nxi -»H. Let M[w( dﬂ,..,.‘.o“n);c(”uw(, o{n/(; \ denote the
mathematical expectation of the function '\','(:(1., .o,[n) of the random
variable 0(1,...”'.»{“ under the conditions ,I‘- Let M{v}‘lﬂ{v(x(t),t,y(t));
x(t) y(t)/x(t) =% ,y(t) = Vi’ where (lx(‘) y(t)?xs the solution

generated for t =7, by the initial conditions x =% . ¥y =1 be the
nathematical expectation of the random function v(x( 3%, ¥ ;ri;t)‘t,y(v, s5t))

for t»T. The limit value
(2.1) BLo 1n {j%f{ﬁfV(X(t),t.y(t));X(t)fy(t)/X(t)= t.y(2)=rd-v(smm}

dt twL+0 !
Card 3/7
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On the Stability of Systems With Random Parameters i

.o N
is denoted as the derivative %2 of v for (1.1) in x= %, y=r , ta* . o
dt . !
Theorem 3.1: If for (1.1) a positive definite function v(x,t.y) cen be

dM/ ¢} .
given so that 3t for (1.1) is of constant negative sign then the
solution x = 0 is probability stable.
Theorem 3.2: If for (1.1) there exists a positive definite v(x,t,y)
which admits an infinitely small least upper bound, and the derivative
of which for (1.1) is negative definite in (1.3) then for every
number p(H)< 1 there exists a number HO so that the solution x = 0 of

(1.1) is p(H)-asymptotically stable with respect to the disturbances
out of the region

o i Pl

(1.9) !lxoﬂ S H

(A solution is called p(H)-asympt::;:ally gtabie with respect tao
Initial disturbances of (1.9) if 1t 1w probability stable and besides

linm pt(i,xﬂ- 7‘),,‘-p(H) for t .oco. whore pf(‘x. -} 13 the probability
that for t"to 1t holds iix! "+ | where Yo . 7)
Card 4/ 7
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On the Stability of Systems With Random Parameters

For the case H « co the authors obtain results corresponding to thc3e
of (Ref.4).
Then the authors consider systems

(5.1) dx/dt = A(t,y)x+R(x,t.¥),

where the elements of the matrix A(tAy) for all yr Y are continuous
bounded functions of the time, while with respect to the Rl(x,t,y) it
is assumed that in (1.3) end for all y¢ Y it holds

(5.2) iR (x.ty)ley fxi (x - const>0). \
where 51“2 = "Vx$+,u.+x% .

Beside of (5.1) the authors consider the system of the first approximaticn
(5.3) dx/dt = A(t,y)x -

Theorem 5.1: If the solution of (5.3) 15 exponentially stable in the
mean then the corresponding solation of (5.1) is probability stable;
furthermore: for every p(H) the solution x = 0 1s p(R)-asymptotically
stable for arbitrary R(x,t,y) which in (1.3) satisfy the condition (5.2)
Card 5/7
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On the Stability of Systems With Random Parameters

if 19 sufficiently small (the sclution x = 0 of (1 1} 1s called i
exponentially stable in the mean if for arbitrary initial conditicns \
from (1.3) there exist constants B and :» so that for all tgt it holds -\

. 2 2 .
(4.5) hx[Hx(t)uz 3 x(t)/xo,yo]ffBuxcnz exp(—<p(t-;o)) ).
The au-.hors consider the stationary linear systen

(6.1) dx/dt = A(y)x

Theorem 6.1: If the solution x = O of (6.1) is asymptctically stable
in the mean (1.e. stable in the quadratic mean (cf.{Ref.5)) and besides

for all solutions with the initial conditions ixoﬂzf'xo satigfying the
-

condition lim M,;~x(t)h§?= 0 for t-:0 ), then for every given positive
definite form w(x,y) there exists one and only one form v(x,y) of the
game order which satisfies the equation

(6.2) aMmlivi/at = -w(x.y);

this form is always positive definite

Card 6/7
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On the Stability of Systems With Kendom Parameters

Theorem 6.2: If the solution x = 0 of the systenm (6.1) is asymptotically
stable in the mean then the corresponding solution of the equation

(6.11) dx/dt = A(y)x+R(x,t,y)

is p(H)-asymptotically stable if (5.2) is satisfied, and X is /
sufficiently small. i ’ |
Finally the stability for random continuously acting disturbances is
congidered briefly,

There are 11 referencesi 7 Soviet and 4 American.

e

[Abstracter's note: (Ref.4) concerns I.E.Bertram and P.E.Sarachik,
Proc. Int.Symp. on Circuit and Information Theory, 1959 ., (Ref°5)
concerns J.Doob, Stochastic Processes.}

SUBMITTED: April 13, 1960
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/6.5000 (731,1132,/1329 ) 1298/D302
AUTHUR: Krasovekiy, N.N. (USSR)
TITLE: On the choice of parameters in stable optimal systems
SOURCE: IFLC, lst Congress, HMOBCOW 1960. Teoriya diskretnykh,

optimal 'nykh i gsamonastraivayushchikhsya sistem.
irudy, v. 2, 1961, 482 - 490

PEXT: Some results are given, relating to the choice of optimum
controllers subject to certain restrictions. The system is descri-
ped by the equations
dx
dt
where x and t are n-dimensional vectors, u 1s the r-dimensional con-
troller-vector, B is a matrix. +he runctional gTLuJ is given which

determines the restrictions on the allowea contrdler; viz.
8T[uj'\"’ L (2)

= f(x, t) + Bu, (1)

X

Cara L/7

APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210(



"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210

MM ON BT 6%

D B R R B e A o R O

R

30557
8/569, 01/v02/000/003/008
un the choice of parameters in ... D298, 1302

it 18 necessary vo determine the allowed optimal controller (a.0.¢.)
for which system (1) passes from the state x ; T, = 0 to a pre-
determined state in a minimum time 10, Depenging on the type of B
t(x, %) and the desired tinal state, the above problem can oe 10r- o(
mulatea differently. Three different rormulations (A, B,C) are gi-
ven, all being variational problems related to the sotution of dif-
ferential equations and possessing certain peculiar reatures. the
solutions which are of interest in practice, are discontinuous.
Problem C is called synthesis-problem for optimal systems (s.0.8).

In such problems, u® should be calcuiated by means of computers

much faster than the duration of the transient process. Below, the
problems are solved by the methods developed by the author in ear-
lier works. 'The linear system

dX - p(t)x + Bu + p(t) (4)

is considered. In certain cases of interest;, the optimum-control
probiem reduces to the well-known problem of functional analysis,
called "L-problem” in Ref. 12 (N. Akhiyezer, M. Kreyn, O nekotorykh
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voprosakh teorii momentov art. 4, p. 171, GONTI-NVTU, 193%). ‘lhere-
by, the existence conditions of the a.o.cs can be ascertained as
well a2s its dependence on the system parameters and on X; limiting
processes in optimal solutions can be studied which is important -

for approximate methods of solution. The tollowing two problems
are considered in detail:

“ g, =max(lu ()1, 0KI<T), r=1, (5)
n .
- g; = max (Z i), 0t T), re=n, (6) ‘X
{e1

wherep roblem (6~) is auxiliar; (to the approximate method of
solviné groblem (5)). By theorens of Ref. 12 (Op.cit.) the tollow-
ing results are obtained: the ¢.o.c. of (%) is a relay function

u () = sign;lzl‘:hﬁh) s (8)

i
the a.0.c¢. of (6) is a continurus vector-function
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1

- n N
i«) - (,25 ks g:) / (2 > A?f,.bu] ) ; (9)

tmyr bfn
the nuumbers A% and the optii1al time 70 are deternmined from

~
,r(:)(T) = min [S “Mfl/bn Idl Z Cihg == ]m 1, (10)

o/’ {=1

L v
Tt 1 n

) (T) = min [S [2"§Mfub/1)’] dt, Yehi= l} = | (11)
o Lid: i

_ int
In the case of nonlinear :stems, the necessary optimum ‘conditions
involve the system with vilations along the optimal trajectory:

P

iy
d?mpmv-mm(wm~(%l'ﬂ- (14)

-x(t)
S —

In the itinear case, the »oolem of the existence of an s.o0.c.
Card 4/7
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a given x = x_, reduces to the "I-problem". In the nonlinecar case,

the existence problem is more complicated. Under the above assumpy
tions one obtains for problem (5) an a.o.c. of relay type. In the
linear case, the necessary conditions (as derived avbove) are, as a
rule, also the sufficient optimum-conditions (toth iocally and in
the Large). In the noniinear case however, thec: conditidns are rot
gufficient. In synthesizing optimal systems, th- choice of the con-
stents A° presents a difficult problem. A metho. of solution to
provlem (5) is described (with the disturvance = U). Yogether
with system (4), the system

ot

s n Y
S0 3 py ()% + 06y -+ (1 — 0) S by, (19)
=1 A

[~3

—

is considered. Proceeaing from (1ll), a system of lifferential eqyua~
tions is set up, viz. -

" dTo 0

S = F(T°, (M), O)

do (20)
da?

— = F(T,, A,°,0 i=22, ..., n),
Card 5/7 a0 1( 0 (l)) ( .
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which satisfies the conditions of existence and unique:i:gs af so-
tutions. By integratvion of (20), one obtains

° = um 1°(5); A = lim A7(2) for ¥ —> 1,

where Lg determine the a.o.c. (5) according to formula (i '. rur-

ther, the use of the method of Lyapunov tunctions in sy e :nesis
‘problems, is considered (ror autonomvus svstems); in parii cler,
problems (5) and (6). Along the optiwal :rajectory x(xo, t. u°),
* the equation :

AT (x (xo, £, 10) _ <
X (Xo, I, U =2

dt P

aTo oy — min 5 9T L
gmm+M)£m§wymnwm (22)

~— -

holds, i.e. To(x) can have the role of the Lyapunov funciion for
the optimal system. Hence for syninesizing optimal systems it is
sufficient to know the function v = TO(x) which satisties the con-
ditions of Lyapunov's theorem on asymptotic svability. Condition
(22) yields a partial differential equation forv. In simple cases

Card 6/7
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it is possible to solve the synthesis problem by solving this equa-~
tion by the method of characteristics. Finally, the use of Lyapu-
nov functions in problem C is considered. A discussion followed;
taking part were Ye.A. barbashin (USSR), R. Kulikovskiy (Polands.
There are 12 Soviet-bloc retferences.
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AUTHORS: Krasovekiy, N.N., and Lidskiy. Z.A. (Sverdlovsk)
ittt AL

TITLE: Analytical design of controllers in systems with
random properties

PERIODICAL: Avtomatika i telemekhanika, v. 22, no. 9, 1961,
1145 - 1150

PEXT: This is a short analytical analysis of a control system un-
dergoing random changes and subjected to random interference,

whose bloc diagram is n in Fig. 1. In it z(t) is the controlled
-vectorial quantity, zo( ) - the required magnitude of this quan- Tf(

tity, x(t) = z(t) - zo(t) - error vector g(t) - activating force

(€ + ) - excitation of the regulator, y(t) - interference, Q(t) -
factor determining the random changes in the controlled load A.
The qus.tlty £ is assumed to be known. If between the components
x4 of error vector x{t), there exists components not equal to zero

Card 1/6
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the stage B produces an additional stabilizing force E which go-
verns the transient. The aim of the present article is the analyti-
cal determination of quantity €. The law of control of &(x. 7)
will be determined from the conditions for the minimum of integral
evaluation of quality. It is assumed that the equations of the ran-
dom process in the system written in the coordinates Xy of the

error vector x(t), have the form

dx
-ﬁ = cpi[xl, coey Xpg n(t), ] + Yy E = g[xi, cee Xy 'QJ.(%.%)«}—

Punction 2] is assumed to be known and continuous. The function

n(t) is a random function determining the behavior of stage A at

various instant of time t. P[L/Q] is assumed to be the probability
of occurrence of L under the condition Q and M[l/q] the mathemati-
cal expectation of a random quantity 1 under the condition Q. De-
noting by 0(&) a quantity of a higher small order than quantity €
and by 0(€) - a small quantity of the same & order, the random

Card 2/6
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changes of Q(t) are described by functions q(a) and q(a, B). Func-
tions q(a) and q(a, B) satisfy q(ay, - ®) = 0, qla, @) = q(a). If
nm(t) can assume only one of the values of X = (ai cos ak) then t0 -

describe the process it is enough to know the transfer matrix
//py4// where :
/. PIn(t+ Ay =an () =cy = pyAt + o (Ar),

i

x n 2.3)
'I(ﬂt)=Z‘Pu. g (s, B) = D) py g4} tn S B < Omye ( )
Nt

St

-

If the function q{x, B) has the probability density q(«, B) =

=§o p(a, v)dv, then ' . ) »/k

- - —. ' 2, ) : =
P (B < (AN By, m(t +-At)aln () =al= At § p (a, v) dv+o (A1), (2.4)
i --—.__._.____—_————-\'\_—_—— .
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It is further assumed that it is possible to measure 7(t) and that
it 1s applied to stage B without distortion and delay. Interferen-
ce ¥ at the input is assumed to be in the form of random pulses re-
sulting in step changes of the output A}1 Xy ~ vp, where vy & ran-

dom quantity, p; + a known function. The mean value of vy is assu-.
med to be zero, the dispersion M (vi} = df >0 and the correlation
coefficients ky 13 (M {viv } = k13 dio' ) are assumed to be known and
only the limiting case of the interference, A — o, oy -> 0 at

i = const is considered. If therefore a certain function w[x .
ceve Xpy My g] is given which determines the criteria for the tran-
sient process

+

w .
I§[ X1 19] = é M {w/Xy = Xyqr oeey Xp = Xnor M= o for t = ..to =

= 0} dt, , (3.1)
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) L

ﬁ ' ‘
where w = w[xl(t), coey xn(t), n(t), g(x(t), m(t))] the problen is
to find the function - § = §°(xl, xn,p) so that the solutions

x(t) of system (1.2) and (1.1) satisfy the following conditionsd
a) The given movement x = O has a probability stability; b) The
errors xio) possible in the system, should result in a process,

assymptotically stable in its probability correspondingly x = 0;

¢) The integral Eq. (3.1) for a given control © = %°(x, m) should

have a minimum when compared with its values determined by another

Z. In the 2nd part of the article an approximate method of optimi-

zing the function v is given, in the third part the problem of the
minimum r.m.s. error is solved for linear systems. The authors ack-
nowledge the help of A.M. Letov. There are 1 figure, and 32 refer- %

ences: 28 Soviet-bloc and- 4 non-Soviet-bloc. [Ab'stractor's_ note:

3 of the Russian-language references are translations from English]
The 4 references to the English-language publications read as fol-
lows: Bellman R. Glicksberg, J. Gross 0., Some Aspects of the Ma--
thematical Theory of Controll Processes, Project Rand 1958; R. Bell-
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man, Glicksberg J., 0. Gross. On the * :

. . . Bang-Bang' r
guirterly Applied Mathematies vo. 14, no.gl, Agri§°§§§g% ﬁzgplem.”
tg m?g, and J.E, B?rtram, Control Systems Analysis and fesigﬁ vi
Nag ! gcogd M?thod of Lyapunov, Paper Amer. Soc. Mech. Eng. No :
e o » 1959; J. LaSalle, Time Optimal Control Systems. Proc. ’f'
*he National Acad. of Sciences. vol. 45, no. 4, 1959, Tor

SUBMITTED: March 18, 1961

. Fig. 1. o — . ‘
l "w . ny ,
4 £ o9 D =t 8 &7) y) t(r}'“}-’[r-’n, ) ) .
t\ {353 2t)o25tt)>2(t)
. ' ’
2yt 4
.50 | '
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’
AUTHOR: Iﬁfolov:kiyj N. N., and Lidskiy, E. A.
TITLE:s Analytical design of controllers for random ayatems
II. Optimum-control equations. Approximate method of
solution
FERIODICAL: Avtomatika { telemekhanika, v. 22, no. 10, 1061, 1273-1278

TEXT: Optimum-control equations are derived on the basis of tho genernl
method of the authors in purt I of the article, (Hef. 1: Avtomatika i DH/
telemekhanika, v, 22, no, 9, 1961), The concepta and notations are the

same a8 in part I. 1In Ref. 1 (Op. cit.), rules wero formulated which go~

vern the search for the optimum-control law § ® which minimizes the inte-

gral performance-criterion

Iy v S M{m[x(l), E()]/ zo, 'lo’ fo=0}df=.=llﬁnt (l-l)

[
of the stochastic control-system
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dx

dti - (Pi[xl,coo, xn,ﬂ (t),g_] (lop)

£ B[xlv-"’ X0 hJ (1.3) L,/
LW

By these rules, g °® is determined from the condition ‘

My 1 [AMen ] . 1.4

[—-3-‘—--}-0)]‘. ming [T+ m]l..O, ( )

whero v° isas positive-definite, optimum Lyapunov-function. The partinl
differential equations are derived which are a consequence of of Eq. (1.1),
These equations yield

2 2y (@, 8 m + (v (z,8) dyg (n, 8) —
= ~ (1.8)

(2, 1)

— g v(z )+ ’2—"?‘_. gl koo, +ols, &l = 0
1jm]
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